(19) 



(12) 



(43) Date of publication: 

27.09.2000 Bulletin 2000/39 

(21) Application number: 00302033.6 

(22) Date of filing: 14.03.2000 



EuropSlsches Patentamt 
European Patent Office 
Off ice europ^en d s brevets (11) EP 1 039 216 A1 

EUROPEAN PATENT APPLICATION 

(51) int.Ci7: F21V8/00 



(84) 


Designated Contracting States: 


• Tamaru, Makoto 




AT BE CM CY DE DK ES R FR GB GR IE IT LI LU 


Yokosuka-shi, Kanagawa (JP] 




MCNLPT SE 


• Fujita, Masashi 




Designated Extension States: 


Hamamatsu-shi, Shizuoka (JP) 




AL LT LV MK RO SI 


• Muramatsu, Fumihiro 
Hamamatsu-shi, Shizuoka (JP) 


(30) 


Priority: 19.03.1999 JP 7590199 


(74) Representative: 


(71) 


Applicant: 


Rackham, Stephen Neil 




MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 


GILL JENNINGS & EVERY, 




Kadoma-shi, Osaka-f u 571 (JP) 


Broadgate House, 
7 Eldon Street 


(72) 


Inventors: 


London EC2M 7LH (GB) 


• 


Satoh, Noriyoshi 
Yokohama-shi, Kanagawa (JP) 



(54) Illumination apparatus 

(57) An illumination apparatus for a liquid-crystal 
display (16) lit with plural colours uses a body of lumi- 
nous elements (23) composed of plural luminous ele- 
ments of different wavelength. A character, a mark a 
digit or others can be securely and plainly displayed so 
that a user can read it and in addition, the system is not 
large-sized and so can be used in mobile information 
equipment. The apparatus includes a printed board (9). 
a body of luminous elements (23) in which plural lumi- 
nous elements are mounted on the printed board (9). a 
light conductor (20) provided with light conducting 



means (30) for conducting light to a predetermined sur- 
face from the body of luminous elements (23) as a light 
source and an approximately rectangular liquid-crystal 
display (16) held by the light conductor (20) for display- 
ing a character, a mark, a digit or others with them irra- 
diated by the light conducting mear^ (20). Light incident 
on the incident part (30) of the light conductor is con- 
ducted by reflection on a reflecting surface and an inci- 
dence plane and the whole liquid-crystal display (16) is 
lit. 
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Description 



[0001] The present invention relates to an illumina- 
tion apparatus used for mobile electronic equipment 
such as a mobile telephone and a pager and others, 5 
particularly relates to an illumination apparatus com- 
posed so that a liquid crystal display for displaying a 
character, a mark and others is illuminated using plural 
luminous elements different in a wavelength. 
[0002] A conventional type mobile telephone is dis- io 
closed in JP-A-5-136728. the display of which has 
means for notifying by cyclically sequentially switching 
light sources respectively having at least two types of 
self-luminous colors for lighting a display as means 
other than means for notifying by a ringer to send a ring 75 
tone from a sounding body such as a loud speaker and 
a piezoelectric buzzer. Also, means lor informing a user 
of the working condition of equipment by notifying only 
the change of luminescent color is disclosed in JP-A-6- 
204910. 20 
[0003]- - For structure for lighting a display, a liquid 
crystal display (LCD) in which a light conducting plate 
having a curved surface for conducting light from a light 
emitting diode (LED) is built and others are disclosed in 
JP-A-9-203899. 25 
[0004] However, in the configuration, as means for 
uniformly lighting a character, a mark or the periphery 
respectively displayed on the display is not disclosed 
though the display can be lighted, it can be notified to a 
user only that light-source colors are switched or a user 30 
can recognize only that luminescent colors are switched 
and there is a problem that displayed character, mark 
and others can be definitely read. 
[0005] Particularly, the display of a mobile tele- 
phone is provided with a function for displaying a tele- 35 
phone number and others of an originator when a call is 
received, however, as a character cannot be precisely 
read in case lighted light has some grades in density on 
the screen, a character, a mark, a digit and others 
respectively displayed so that they are notified to a user 40 
and are read by the user may be prevented from being 
read because of the irregular color of lighted light. Fur- 
ther, in case the display which is also a part of the 
appearance of the equipment has irregular color, the 
appearance quality may be deteriorated. 45 
[0006] The problem of irregular color can be 
avoided in case luminous elements are continuously 
provided, however, in case multiple luminous elements 
are used, the cost is increased. The display of a mobile 
telephone is manufactured so that It has the width of so 
approximately 30 to 50 mm to enable operation by one 
hand. 

[0007] However, in case the display having the 
width is lighted by one body of luminous elements, it is 
warped. Normally, devices are mounted on a printed 55 
board by surface mounting by a ref low, however, in case 
a device is warped, a defective part of soldering occurs 
and normal mounting is disabled. 



[0008] The present invention is made in view of the 
problems described-above and the object-is to provide 
an illumination apparatus wherein in case a liquid-crys- 
tal display is lighted in plural colors using plural lumi- 
nous elements, a character, a mark and others are also 
securely and definitely displayed and its user can read 
the character, the mark, a digit and others and in addi- 
tion, the system is not large-sized and mobile informa- 
tion equipment provided with the illumination apparatus. 
[0009] To achieve the object, an illumination appa- 
ratus according to a first aspect of the invention com- 
prises: a printed board; a group of luminous elements in 
which plural luminous elements mounted on the printed 
board and different in a wavelength are arranged at a 
short interval; light conducting means for conducting 
light incident on its incident part from the group of lumi- 
nous elements as a light source; and an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them irradiated by 
the light conducting means, in which light incident from 
the incident part of the light conducting means is con- 
ducted, reflecting on a reflecting surface and an inci- 
dence plane and the whole liquid-crystal display is 
illuminated. 

[001 0] Therefore, according to the first aspect of the 
invention, a point where beams of light are synthesized 
can be formed in an extremely close position to the 
luminous element by making light emitted from the lumi- 
nous element incident on the incident part of the light 
conducting means and reflecting the incident light on 
the reflecting surface and the incidence plane of the 
light conducting means. 

[0011] Also, an illumination apparatus according to 
a second aspect of the invention comprises: a printed 
board; a body of luminous elements in which plural lumi- 
nous elements mounted on the printed board and differ- 
ent in a wavelength are integrated; light conducting 
means for conducting light incident on its incident part 
from the body of luminous elements as a light source; 
and an approximately rectangular liquid-crystal display 
for displaying a character, a mark, a digit and others with 
them irradiated by the light conducting means, in which 
light incident from the incident part of the light conduct- 
ing means is conducted, reflecting on a reflecting sur- 
face and an incidence plane and the whole liquid-crystal 
display is lighted. 

[001 2] Therefore, according to the second aspect of 
the invention, a point where beams of light are synthe- 
sized can be formed in an extremely close position to 
the luminous element by making light emitted from the 
luminous element incident on the incident part of the 
light conducting means and reflecting the incident light 
on the reflecting surface and the Incidence plane of the 
light conducting means. 

[0013] Also, an illumination apparatus according to 
a third aspect of the invention comprises: a printed 
board; a group of luminous elements in which plural 
luminous elements mounted on the printed board and 
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different in a wavelength are arranged at a sliort inter- 
val; light conducting means for conducting light incident 
on its incident part from the group of luminous elements 
as a light source; and an approximately rectangular liq- 
uid-crystal display for displaying a character, a mark, a 
digit and others with them irradiated by the light con- 
ducting means, in which the plural luminous elements 
that belong to the group are arranged at an interval in 
the same direction along one side of the liquid-crystal 
display and light incident from the incident part of the 
light conducting means is conducted, reflecting on a 
reflecting surface and an incidence plane and the whole 
liquid-crystal display is lighted. 

[0014] Therefore, according to the third aspect of 
the invention, a point where beams of light are synthe- 
sized can be formed in an extremely close position to 
the luminous element by making light emitted from the 
luminous dement incident on the incident part of the 
light conducting means and reflecting the incident light 
on the reflecting surface and the incidence plane of the 
light conducting means without arranging multiple lumi- 
nous elements along one side of the liquid-crystal dis- 
play. 

[0015] Also, an illumination apparatus according to 
a fourth aspect of the invention comprises: a printed 
board; a body of luminous elements in which plural lumi- 
nous elements mounted on the printed board and differ- 
ent in a wavelength are integrated; light conducting 
means for conducting light incident on its incident part 
from the body of luminous elements as a light source; 
and an approximately rectangular liquid-crystal display 
for displaying a character, a marK a digit and others with 
them in-adiated by the light conducting means, in which 
the plural luminous elements that belong to the body are 
arranged at an interval in the same direction along one 
side of the liquid-crystal display and light incident from 
the incident part of the light conducting means is con- 
ducted, reflecting on a reflecting surface and an inci- 
dence plane and the whole liquid-crystal display is 
lighted. 

[0016] Therefore, according to the fourth aspect of 
the invention, a point where beams of light are synthe- 
sized can be formed in an extremely close position to 
the luminous element by making light emitted from the 
luminous element incident on the incident part of the 
light conducting means and reflecting the incident light 
on the reflecting surface and the incidence plane of the 
light conducting means without arranging oujltiple lumi- 
nous elements along one side of the liquid-crystal dis- 
play. 

[0017] Also, an illumination apparatus according to 
a fifth aspect of the invention comprises: a printed 
ttoard; a group of luminous elements in which plural 
luminous elements mounted on the printed board and 
different in a wavelength are arranged at a short inter- 
val; light conducting means for conducting light incident 
on its incident part from the group of luminous elements 
as a light source; and an approximately rectangular liq- 



uid-crystal display for displaying a character, a mark, a 
digit and others with them irradiated by the light con- 
ducting means, and light diffusing means is provided to 
the incident part. 

5 [001 8] Therefore, according to the fifth aspect of the 
invention, distance between a point where light emitted 
from one luminous element and light emitted from 
another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 

10 light diffusing means provided to the incident part. 

[0019] Also, an illumination apparatus according to 
a sixth aspect of the irtvention comprises: a printed 
board; a body of luminous elements in which plural lumi- 
nous elements mounted on the printed board and diff er- 
rs ent in a wavelength are integrated; light conducting 
means for conducting light incident on its incident part 
from the body of luminous elements as a light source; 
an approximately rectangular liquid-crystal display for 
displaying a character, a mark, a digit and others with 

20 them irradiated by the light conducting means; and light 
diffusing means provided to the incident part. 
[0020] Therefore, according to the sixth aspect of 
the invention, distance between a point where light emit- 
ted from one luminous element and light emitted from 

25 another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the incident part. 
[0021] Also, an illumination apparatus according to 
a seventh aspect of the invention comprises: a printed 

30 board; a group of luminous elements in which plural 
luminous elements mounted on the printed board and 
different in a wavelength are arranged at a short inter- 
val; light conducting means for conducting light incident 
on its incident part from the group of luminous elements 

35 as a light source; an approximately rectangular liquid- 
aystal display for displaying a character, a mark, a digit 
and others with them in-adiated by the light conducting 
means, light diffusing means provided to the incident 
part and the plural luminous elements that belong to the 

40 group are arranged at an interval in the same direction 
along one side of the liquid-crystal display. 
[0022] Therefore, according to the seventh aspect 
of the invention, distance between a point where light 
emitted from one luminous element and light emitted 

45 from another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the incident part with- 
out arranging multiple luminous elements along one 
side of the liquid-crystal display. 

so [0023] Also, an illumination apparatus according to 
an eighth aspect of the invention comprises: a printed 
board; a body of luminous elements in which plural lumi- 
nous elements mourrted on the printed board and differ- 
ent in a wavelength are integrated; light conducting 

55 means for conducting light incident on its incident part 
from the body of luminous elements as a light source; 
an approximately rectangular liquid-crystal display for 
displaying a character, a marK a digit €ind others with 
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them irradiated by the light conducting means; light dif- 
^ fusing, means proyidedjojhe incident part and the plu- 
ral luminous elements that belong to the body are 
arranged at an Interval in the same direction along one 
side of the liquid-crystal display. 
[0024] Therefore, according to the eighth aspect of 
the invention, distance between a point where light emit- 
ted from one luminous element and light emitted from 
another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the incident part with- 
out arranging multiple luminous elements along one 
side of the liquid-crystal display. 
[0025] Also, an illumination apparatus according to 
a ninth aspect of the invention comprises: a printed 
board; a body of luminous elements in which plural lumi- 
nous elements mounted on the printed board and differ- 
ent in a wavelength are integrated; light conducting 
means for conducting light incident on its Incident part 
from the body of luminous elements as a light source an 
approximately rectangular liquid-crystal display for dis- 
playing a character, a mark, a digit and others with them 
Irradiated by the light conducting means; light diffusing 
means provided to the incident part and the plural lumi- 
nous elements that belong to the body are arranged in 
parallel at an interval in the direction of the liquid-crystal 
display. 

[0026] Therefore, according to the ninth aspect of 
the invention, distance between a point where light emit- 
ted from one luminous element and light emitted from 
another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the incident part with- 
out an^anging multiple luminous elements in parallel in 
the direction of the liquid-crystal display 
[0027] Also, an illumination apparatus according to 
a tenth aspect of the invention comprises: a printed 
boar; a body of luminous elements in which plural lumi- 
nous elements mounted on the printed board and differ- 
ent in a wavelength are integrated; light conducting 
means for conducting light incident on its incident part 
from the body of luminous elements as a light source; 
an approximately rectangular liquid -crystal display for 
displaying a character, a mark, a digit and others with 
them irradiated by the light conducting means; light dif- 
fusing means provided to the incident part and the plu- 
ral luminous elements that belong to the body are 
arranged in parallel at an interval in the direction of the 
liquid-crystal display 

[0028] Therefore, according to the tenth aspect of 
the invention, distance between a point where light emit- 
ted from one luminous element and light emitted from 
another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the incident part with- 
out arranging multiple luminous elements in parallel in 
the direction of the liquid-crystal display. 
[0029] Also, an illumination apparatus according to 



an eleventh aspect of the invention comprises: a printed 

boardj a [uminous element mounted on the printed 

board; light conducting rneans for corducting light inci- 
dent from the luminous element as a light source 
5 repeating reflection on plural reflecting surfaces; an 
approximately rectangular liquid-crystal display for dis- 
playing a character, a mark, a digit and others with them 
irradiated by the light conducting means, and light dif- 
fusing means provided to the reflecting surface on 
10 which first reflection is performed of the light conducting 
means. 

[0030] Therefore, according to the eleventh aspect 
of the invention, distance between a point where light 
emitted from one luminous element and light ennitted 
IS from another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection Is performed of the light con- 
ducting means. 
20 [0031 ] Also, an Illumination apparatus according to 
a twelfth aspect of the invention comprises: a printed 
board; a group of luminous elements in which plural 
luminous elements mounted on the printed board and 
different in a wavelength are arranged at a short inter- 
ns val; light conducting means for conducting light incident 
from the group of luminous elements as a light source 
repeating reflection on plural reflecting surfaces; an 
approximately rectangular liquid-crystal display for dis- 
playing a character, a mark, a digit and others with them 
30 irradiated by the light conducting means; and light dif- 
fusing means provided to the reflecting surface on 
which first reflection is performed of the light conducting 
means. 

[0032] Therefore, according to the twelfth aspect of 
35 the invention, distance between a point where light emit- 
ted from one luminous element and light emitted from 
another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
40 on which first reflection is performed of the light con- 
ducting means. 

[0033] Also, an illumination apparatus according to 
a thirteenth aspect of the invention comprises: a printed 
board; a body of luminous elements in which plural lumi- 

45 nous elements mounted on the printed board and differ- 
ent in a wavelength are integrated; light conducting 
means for conducting light incident from the body of 
luminous elements as a light source repeating reflection 
on plural reflecting surfaces; an approximately rectan- 

50 gular liquid-crystal display for displaying a character, a 
mark, a digit and others with them irradiated by the light 
conducting means; and light diffusing means provided 
to the reflecting surface on which first reflection is per- 
formed of the light conducting means. 

55 [0034] Therefore, according to the thirteenth aspect 
of the invention, distance between a point where light 
emitted from one luminous element and light emitted 
from another luminous element are synthesized and the 
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luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means. 

[0035] Also, an illumination apparatus according to 5 
a fourteenth aspect of the invention comprises: a 
printed board; a luminous element mounted on the 
printed board; light conducting means for conducting 
light incident from the luminous element as a light 
source repeating reflection on plural reflecting surfaces; io 
an approximately rectangular liquid-crystal display for 
displaying a character, a mark, a digit and others with 
them irradiated by the light conducting means; light dif- 
fusing means provided to the reflecting surface on 
which first reflection is performed of the light conducting is 
means and the plural luminous elements are arranged 
at an interval in the same direction along one side of the 
liquid-crystal display. 

[0036] Therefore, according to the fourteenth 
aspect of the invention, distance between a point where 20 
light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 25 
ducting means without arranging multiple luminous ele- 
ments along one side of the liquid-crystal display. 
[0037] Also, an illumination apparatus according to 
a fifteenth aspect of the invention comprises: a printed 
board; a group of luminous elements in which plural 30 
luminous elements mounted on the printed board and 
different in a wavelength are arranged at a short inter- 
val; light conducting means for conducting light incident 
from the group of luminous elements as a light source 
repeating reflection on plural reflecting surfaces; an 35 
approximately rectangular liquid-crystal display for dis- 
playing a character, a marK a digit and others with them 
irradiated by the light conducting means; light diffusing 
means provided to the reflecting surface on which first 
reflection is performed of the light conducting means 40 
and the plural luminous elements that belong to the 
group are arranged at an interval in the same direction 
along one side of the liquid-crystal display. 
[0038] Therefore, according to the fifteenth aspect 
of the invention, distance between a point where light 45 
emitted from one luminous element and light emitted 
from another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- so 
ducting means without arranging multiple luminous ele- 
ments along one side of the liquid-crystal display. 
[0039] Also, an illumination apparatus according to 
a sixteenth aspect of the invention comprises: a printed 
tx>ard; a body of luminous elements in which plural lumi- ss 
nous elements mounted on the printed board and differ- 
ent in a wavelength are integrated; light conducting 
means for conducting light incident from the body of 



luminous elements as a light source repeating reflection 
on plural reflecting surfaces; an approximately rectan- 
gular liquid-crystal display for displaying a character, a 
mark, a digit and others with them in^adiated by the light 
conducting means; light diffusing means provided to the 
reflecting surface on which first reflection Is performed 
of the light conducting means and the plural luminous 
elements that belong to the body are arranged at an 
interval in the same direction along one side of the liq- 
uid-crystal display. 

[0040] Therefore, according to the sixteenth aspect 
of the invention, distance between a point where light 
emitted from one luminous element and light emitted 
from another luminous element are synthesized and the 
luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means without arranging multiple luminous ele- 
ments along one side of the liquid-crystal display. 
[0041] Also, an illumination apparatus according to 
a seventeenth aspect of the Invention comprises: a 
printed board; a group of luminous elements in which 
plural luminous elements mounted on the printed board 
and different in a wavelength are arranged at a short 
interval; light conducting means for conducting light inci- 
dent from the group of luminous elements as a light 
source repeating reflection on plural reflecting surfaces: 
an approximately rectangular liquid-crystal display for 
displaying a character, a mark, a digit and others with 
them irradiated by the light conducting means; light dif- 
fusing means provided to the reflecting surface on 
which first reflection is performed of the light conducting 
means and the plural luminous elements that belong to 
the group are arranged in parallel at an interval in the 
direction of the liquid-crystal display. 
[0042] Therefore, according to the seventeenth 
aspect of the invention, distance between a point where 
light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means without arranging multiple luminous ele- 
ments in parallel in the direction of the liquid-crystal 
display. 

[0043] Also, an illumination apparatus according to 
an eighteenth aspect of the invention comprises: a 
printed board; a body of luminous elements in which 
plural luminous elements mourtted on the printed board 
and different in a wavelength are integrated; light con- 
ducting means for conducting light incident from the 
body of luminous elements as a light source repeating 
reflection on plural reflecting surfaces; an approximately 
rectangular liquidK^rystal display for displaying a char- 
acter, a mark, a digit and others with them irradiated by 
the light conducting means; light diffusing means pro- 
vided to the reflecting surface on which first reflection is 
performed of tine light conducting means and the plural 
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luminous elements that belong to the body are arranged 
„ in_paralleL at an-interval in the^direction of the-llquid— 
crystal display. 

[0044] Therefore, according to the eighteenth 
aspect of the invention, distance between a point where 
light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means without arranging multiple luminous ele- 
ments in parallel in the direction of the liquid-crystal 
display. 

[0045] Also, an illumination apparatus according to 
a nineteenth aspect of the invention comprises: a 
printed board; a luminous element mounted on the 
printed board; light conducting means for conducting 
light incident from the luminous element as a light 
source repeating reflection on plural reflecting surfaces; 
an approximately rectangular liquid -crystal display for 
displaying a character, a mark, a digit and others with 
them irradiated by the light conducting means; light dif- 
fusing means provided to the reflecting surface on 
which first reflection is performed of the light conducting 
means; and shielding means for preventing light from 
being transmitted to the reflecting surface are further 
provided. 

[0046] Therefore, according to the nineteenth 
aspect of the invention, distance between a point where 
light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means and the loss of reflected light can be 
removed by the shielding means provided to the reflect- 
ing surface on which the first reflection is performed for 
preventing light from being transmitted. 
[0047] Also, an illumination apparatus according to 
a twentieth aspect of the invention comprises: a printed 
board; a group of luminous elements in which plural 
luminous elements mounted on the printed board and 
different in a wavelength are arranged at a short inter- 
val; light conducting means for conducting light incident 
from the group of luminous elements as a light source 
repeating reflection on plural reflecting surfaces; an 
approximately rectangular liquid-crystal display for dis- 
playing a character, a mark, a digit and others with them 
irradiated by the light conducting means; light diffusing 
means provided to the reflecting surface on which first 
reflection is performed of the light conducting means: 
and shielding means for preventing light from being 
transmitted to the reflecting surface are further pro- 
vided. 

[0048] Therefore, according to the twentieth aspect 
of the Invention, distance between a point where light 
emitted from one luminous element and light emitted 
from another luminous element are synthesized and the 



luminous elements can be extremely reduced by the 

light diffusing-means provided to the reflecting surface- 
on which first reflection is performed of the light con- 
ducting means and the loss of reflected light can be 

5 removed by the shielding means provided to the reflect- 
ing surface on which the first reflection is performed for 
preventing light from being transmitted. 
[0049] Also, an illumination apparatus according to 
a twenty-first aspect of the invention comprises: a 

10 printed board; a body of luminous elements in which 
plural luminous elements mounted on the printed board 
and different in a wavelength are integrated; light con- 
ducting means for conducting light incident from the 
body of luminous elements as a light source repeating 

IS reflection on plural reflecting surfaces; an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them irradiated by 
the light conducting means; light diffusing means pro- 
vided to the reflecting surface on which first reflection is 

20 performed of the light conducting means; and shielding 
means for preventing light from being transmitted to the 
reflecting surface are further provided. 
[0050] Therefore, according to the twenty-first 
aspect of the invention, distance between a point where 

25 light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 

30 ducting means and the loss of reflected light can be 
removed by the shielding means provided to the reflect- 
ing surface on which the first reflection is performed for 
preventing light from being transmitted. 
[0051] Also, an illumination apparatus according to 

35 a twenty-second aspect of the Invention comprises: a 
printed board; a luminous element mounted on the 
printed board; light conducting means for conducting 
light incident from the luminous element as a light 
source repeating reflection on plural reflecting surfaces; 

40 an approximately rectangular liquid-crystal display for 
displaying a character, a marK a digit and others with 
them irradiated by the light conducting means; light dif- 
fusing means provided to the reflecting surface on 
which first reflection is performed of the light conducting 

45 means; and shielding means for preventing light from 
being transmitted to the reflecting surface, in which the 
plural luminous elements are arranged at an interval in 
the same direction along one side of the liquid-crystal 
display. 

50 [0052] Therefore, according to the twenty-second 
aspect of the invention, distance between a point where 
light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 

55 light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means without arranging multiple luminous ele- 
ments along one side of the liquid-crystal display and 
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the loss of reflected light can be removed by the shield- 
ing means provided to the reflecting surf ace on which 
the first reflection is performed for preventing light from 
being transmitted. 

[0053] Also, an illumination apparatus according to 
a twenty-third aspect of the invention comprises: a 
printed board; a group of luminous elements in which 
plural luminous elements mounted on the printed board 
and different in a wavelength are arranged at a short 
interval: light conducting means for conducting light inci- 
dent from the group of luminous elements as a light 
source repeating reflection on plural reflecting surfaces; 
an approximately rectangular liquid-crystal display for 
displaying a character, a mark, a digit and others with 
them irradiated by the light conducting means; light dif- 
fusing means provided to the reflecting surface on 
which first reflection is performed of the light conducting 
means; and shielding means for preventing light from 
being transmitted to the reflecting surface, in which the 
plural luminous elements that belong to the group are 
arranged at an interval in the same direction along one 
side of the liquid-crystal display. 

[0054] Therefore, according to the twenty-third 
aspect of the invention, distance between a point where 
light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means without arranging multiple luminous ele- 
ments along one side of the liquid-crystal display and 
the loss of reflected light can be removed by the shield- 
ing means provided to the reflecting surface on which 
the first reflection is performed for preventing light from 
being transmitted. 

[0055] Also, an illumination apparatus according to 
a twenty-fourth aspect of the invention comprises: a 
printed board; a body of luminous elements in which 
plural luminous elements mounted on the printed board 
and different in a wavelength are integrated; light con- 
ducting means for conducting light incident from the 
body of luminous elements as a light source repeating 
reflection on plural reflecting surfaces; an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit arxJ others with them irradiated by 
the light conducting means; light diffusing means pro- 
vided to the reflecting surface on which first reflection is 
performed of the light conducting means; and shielding 
means for preventing light from being transmitted to the 
reflecting surface, in which the plural luminous elements 
that belong to the body are arranged at an interval in the 
same direction along one side of the liquid-crystal dis- 
play 

[0056] Therefore, according to the twenty-fourth 
aspect of the invention, distance between a point where 
light emitted from one luminous element and light emit- 
ted from another luminous element are synthesized arKl 
the luminous elements can be exb'emely reduced by the 



light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means witiiout an-anging multiple luminous ele- 
ments along one side of the liquid-crystal display and 
5 the loss of reflected light can be removed by the shield- 
ing means provided to the reflecting surface on which 
the first reflection is performed for preventing light from 
being transmitted. 

[0057] Also, an illumination apparatus according to 

10 a twenty-fifth aspect of the invention comprises: a 
printed board; a group of luminous elements in which 
plural luminous elements mounted on tiie printed board 
and different in a wavelength are arranged at a short 
interval; light conducting means for conducting light inci- 

15 dent from tiie group of luminous elements as a light 
source repeating reflection on plural reflecting surfaces; 
an approximately rectangular liquid-crystal display for 
displaying a character, a marK a digit and others with 
them irradiated by tiie light conducting means; light dif- 

20 fusing means provided to tiie reflecting surface on 
which first reflection is performed of the light conducting 
means; and shielding means for preventing light from 
being transmitted to the reflecting surface, in which the 
plural luminous elements that belong to the group are 

25 arranged in parallel at an interval in the direction of the 
liquid-crystal display 

[0058] Therefore, according to the twenty-fiftii 
aspect of the invention, distance between a point where 
light emitted from one luminous element and light emit- 

30 ted from another luminous element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means without arranging multiple luminous ele- 

35 ments in parallel in the direction of the liquid-crystal 
display and the loss of reflected light can be removed by 
the shielding means provided to the reflecting surface 
on which the first reflection is performed for preventing 
light from being transmitted. 

40 [0059] Also, an illumination apparatus according to 
a twenty-sixtii aspect of the invention comprises: a 
printed board; a body of luminous elements in which 
plural luminous elements mounted on the printed tx>ard 
arxj different in a wavelength are integrated; light con- 

45 ducting means for conducting light incident from the 
body of luminous elements as a light source repeating 
reflection on plural reflecting surfaces; an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them irradiated by 

so the iight conducting means; light diffusing means pro- 
vided to the reflecting surface on which first reflection is 
performed of the light conducting means; and shielding 
means for preventing light from being transmitted to the 
reflecting surface, in which the plural tuminoi^ elements 

55 that belong to the body are arranged in parallel at an 
interval in tiie direction of the liquid-crystal display. 
[0060] Therefore, according to the twenty-sixth 
aspect of the invention, distance between a point where 
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light-emitted from one luminous element and light emit- 
.ted from another_luminous„element are synthesized and 
the luminous elements can be extremely reduced by the 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 5 
ducting means without arranging multiple luminous ele- 
ments in parallel in the direction of the liquid-crystal 
display and the loss of reflected light can be removed by 
the shielding means provided to the reflecting surface 
on which the first reflection is performed for preventing 
light from being transmitted. 

[OC^l] Also, an illumination apparatus according to 
a twenty-seventh aspect of the Invention is based upon 
the illumination apparatus according to the first to the 
twenty-sixth aspects of the invention and is character- 
ized in that the luminous elements can simultaneously 
emit light. 

[0062] Therefore, according to the twenty-seventh 
aspect of the invention, the liquid crystal display can be 
lighted by light of more types than the types of luminous 
elements. 

[0063] Also, an illumination apparatus according to 
a twenty-eighth aspect of the invention is based upon 
the illumination apparatus according to the first to the 
twenty-sixth aspects of the invention and is character- 
ized in that the intensity of radiated light is varied by 
controlling current flowing in the luminous element. 
[0064] Therefore, according to the twenty-eighth 
aspect of the invention, a range of display can be uni- 
formly lighted by light of more types than the types of 
luminous elements without irregular color and the une- 
venness of brightness. 

[0065] Also, mobile information equipment accord- 
ing to a twenty-ninth aspect of the invention is provided 
with the illumination apparatus according to the first to 
the twenty-eighth aspects of the invention. 
[0066] Therefore, according to the twenty-ninth 
aspect of the invention, a range of display can be uni- 
formly lighted without irregular color and the uneven- 
ness of brightness and without increasing consumed 
current in the mobile information equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] 

Rg. 1 is a longitudinal side sectional view showing 
a mobile telephone provided with an illumination 
apparatus equivalent to an embodiment of the 
invention; 

Fig. 2 shows the configuration of a liquid crystal dis- 
play in the embodiment of the invention; 
. Fig. 3 is a local longitudinal section showing the liq- 
uid crystal display in case a body of luminous ele- 
ments is crosswise put; 

Fig. 4 is a local longitudinal section showing the liq- 
uid crystal display in case the body of luminous ele- 
ments is crosswise put and light diffusing means is 



provided to an incident part; 
- Fig. 5 is a local cross-sectional view.showing the 
liquid crystal display in case the body of luminous 
elements is crosswise put and the light diffusing 
means is provided to the incident part; 
Fig. 6 shows optical paths of light emitted from the 
body of luminous elements in case the body of lumi- 
nous elemerrts is crosswise put; 
Rg. 7 is a local longitudinal section showing the liq- 
uid crystal display in case the light diffusing means 
is provided to a reflecting part; 
Fig. 8 IS a local cross-sectional view showing the 
liquid crystal display in case the body of luminous 
elements is longitudinally put and the light diffusing 
means is provided to the incident part; 
Fig. 9 is a local cross-sectional view showing the 
liquid crystal display in case the body of luminous 
elements is longitudinally put and the light diffusing 
means is provided to the reflecting part; 
Rg. 10 shows optical paths of light emitted from the 
body of luminous elements in case the body of lumi- 
nous elements is longitudinally put; 
Rg. 1 1 is a local longitudinal section showing the 
liquid crystal display in case the body of luminous 
elements is longitudinally put and the light diffusing 
means is provided to the reflecting part: 
Fig. 12 shows the configuration of a circuit for light- 
ing the liquid crystal display of the mobile telephone 
equivalent to the embodiment of the invention; and 
Rg. 13 shows a state of lighting when a range of 
display is lighted with composite color. 

[0068] Referring to the drawings, an embodiment of 
the present invention will be described below. Fig. 1 is a 
longitudinal section showing mobile information equip- 
ment provided with an illumination apparatus equivalent 
to the embodiment of the present invention (maybe sim- 
ply called equipment) such as a mobile telephone. 
[0069] As shown In Fig. 1 , in the body of the equip- 
ment formed by an upper case 1 and a lower case 2, an 
antenna for sending and receiving 3, an antenna for 
receiving 4. a receiver that outputs voice 5, a liquid crys- 
tal display that displays a character, a mark and others 
6. a key sheet on which a character and a mark are 
printed 7, a microphone 8. a body printed board 9 and 
others are housed and a battery 10 for supplying power 
is installed outside the body 

[0070] A voice hole 1 1 for transmitting voice gener- 
ated by the receiver 5 outside the body, key holes 13 
into each of which each projection 12 of the key sheet 7 
is inserted and the number of which is equal to that of 
the projections 12, an opening 14 the size of which is 
equal to that of the liquid crystal display 6 and others are 
provided to the upper case 1 , and the opening 1 4 is cov- 
ered with a transparent window 1 5 so that a character, a 
mark and others respectively displayed on the liquid 
crystal display 6 can be recognized and read by a user. 
[0071 ] An oscillator for controlling an oscillation fre- 
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quency with voltage (hereinafter called VCO). a temper- 
ature compensated crystal oscillator for stably 
controlling a frequency (hereinafter called VC-TCXO). 
plural resistors, plural capacitors and others are 
mounted on the back face of the body printed board 9, a 5 
receiving circuit 16 is formed by a low noise amplifier, a 
first mixer and others, and a modulator, a power ampli- 
fier (hereinafter called PA), plural resistors, plural capac- 
itors and others are mounted on the surface to be a 
sending circuit 17. These receiving circuit 16 arxl send- 
ing circuit 17 are shielded by a shield case 18 made of 
resin for preventing an electromagnetic wave from 
invading from the outside. 

[0072] The shield case 18 is formed by resin mate- 
rial such as acrylonitrite-butadiene-styrene (ABS). an 
electromagnetic wave is prevented from being transmit- 
ted by applying electroless copper plating to the sur- 
face, further electroless nickel plating is applied to the 
surface and processing for preventing electroless cop- 
per plating from being rusted is performed. 
[0073] Next, the configuration of the liquid crystal 
display 6 wilt be described in detail. Rg. 2 shows the liq- 
uid crystal display in the embodiment of the present 
invention. 

[0074] As shown in Fig. 2, the liquid crystal display 
6 is composed of a holding member 22 for holding a liq- 
uid-crystal display 1 9. a light conductor 20 and a flexible 
board 21, a body of luminous elements 23 and springs 
24 formed by molding an electrically conductive spring 
out of resin and mounted on the printed board 9. 
[0075] In tiie liquid-crystal display 19, a liquid-crys- 
tal display element and a transparent electrode are 
sealed between two glass plates. One glass of the liq- 
uid-crystal display 19 is formed so that it is longer to 
some extent than the other glass, and the sealed trans- 
parent electrode and the flexible board 21 are con- 
nected to the longer part by a conductive adhesive. The 
flexible board 21 is substantially rectangular, a terminal 
electrically connected to the exposed transparent elec- 
trode is formed on one side, a driver connected to the 
terminal for driving the liquid-crystal display is mounted 
in the center and contacts 25 electrically connected to 
the driver and exposed on the surface are formed so 
that right contacts and left contacts are uniform. Two 
through holes for positioning 26 are provided on the 
reverse side to the terminal. 

[0076] The light conductor 20 is an opalescent 
transparent plate made of resin, an incident part and a 
reflecting part are formed in a part opposite to the body 
of luminous elements 23 mounted on the printed board 
9 and further, one side or both sides are roughed. The 
holding member 22 is made of white resin, the light con- 
ductor 20 is loaded onto the surface of the holding 
member, a part connected to the transparent electrode 
of the liquid-crystal display 19 by the conductive adhe- 
sive and others beforehand at the end of the flexible 
board 21 connected to the liquid-crystal display 19 is 
protruded above the light conductor 20 and further, the 



flexible board is turned down to the back side of the 
holding member approximately in the shape of a letter 
U. 

[0077] Two bosses for positioning 27 provided on 
tiie back side of the holding member 22 are respectively 
inserted into the two through holes for positioning 26 
provided to the side of the end of the flexible board 21 
and the flexible board is positioned. Therefore, the con- 
tacts 25 of the flexible board 21 are opposed to the 
spring 24 mounted on the printed board 9. That is, the 
groups of contacts 25 provided to the flexible board 21 
are arranged so that the groups are symmetrical along 
each lateral side of the flexible board 21 and the springs 
24 respectively con-esponding to the contacts 25 are 
also arranged so that they are symmetrical. 
[0078] For the body of luminous elements 23, a first 
luminous element that emits light having a first wave- 
length (a lunrunous element may be also called a light 
emitting diode), a second luminous element that emits 
light having a second wavelengtii and a third luminous 
element that emits light having a third wavelength 
respectively by energizing the luminous elements are 
held with resin by one piece. The body of luminous ele- 
ments 23 are mounted at an interval of L on the printed 
board 9 in the order of the first, second and third lumi- 
nous elements in the direction of the right side of the 
equipment along a side opposite to one side on which 
the flexible board 21 of the liquid-crystal display 19 is 
connected and all luminous elements Included in the 
body of luminous elements 23 radiate light upward. 
[0079] Next, the hooking daw 28 of the holding 
member 22 where the liquid -crystal display 19 and oth- 
ers are built and held as described above is hooked on 
a concave portion provided to a predetermined position 
of tiie printed board 9, that is, the longitudinal side of the 
printed board 9 and the boss for positioning 27 of the 
holding member 22 is inserted into a hole for positioning 
29 provided to the printed board 9. As a result, the con- 
tacts 25 of the flexible board 21 turned down to the back 
side of the holding member 22 where the liquid-crystal 
display 19 and others are built and held and the press- 
ing part of the spring 24 are pressed by the force of the 
spring. 

[0080] The body of luminous elements 23 is housed 
in the hokjing member 22 and the periphery of the body 
of luminous elements 23 is touched to the printed board 
9 to prevent light radiated from the body of luminous ele- 
ments 23 from leaking out through clearance between 
the body of luminous elements and the printed board 9. 
[0081] The liquid crystal display 6 attached to the 
printed board 9 is housed in the body, the opening 14 for 
enabling a character, a mark, a digit and others dis- 
played on the liquid-crystal display 19 to be seen from 
the outside is provided in the body and further, the 
opening 14 is covered with the transparent window 15. 
A cushion 31 in the shape of a hollow square is provided 
t^etween the liquid aystal display 6 and the upper case 
1 to prevent dust and others from invading on the liquid 
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crystal display 6 from the outside. 
[0082]- Next,-the configuration for irradiating the liq=- 
uid crystal display 6 will be described in detail. Fig. 3 is 
a local longitudinal section showing the liquid crystal 
display 6 and in this case, the body of luminous ele- 
ments 23 formed by integrating plural luminous ele- 
ments is arranged along one side of the liquid-crystal 
display 19, light emitted from all the luminous elements 
is incident on an incident part A provided to the same 
position and is reflected in a reflecting part 30 so that 
the unevenness of the luminance of an irradiated part 
can be removed by utilizing the same light conducting 
means. 

[0083] That is, as shown in Fig. 3, light radiated 
from the body of luminous elements 23 is incident on 
the incident part A of the light conductor 20, Is reflected 
in the reflecting part 30 provided along a tilted surface of 
the holding member 22 and the light is conducted into 
the light conductor 20. Some of the reflected light is fur- 
ther reflected on an incidence plane on which the inci- 
dent part A is formed. As described above, light incident 
on the light conductor 20 is conducted to the whole light 
conductor. Shielding means 32 for preventing light from 
being transmitted may be also provided to the tilted sur- 
face of the holding member 22. 
[0084] The shielding means 32 may be also printed 
in white on the tilted surface, a shielding tape may be 
also attached as the shielding means and to compose 
the shielding means at a low cost, the slant face has 
only to be touched to a white holding member. However, 
clearance may be made between the white holding 
member and the slant face depending upon dimen- 
sional tolerance and as optical path length is extended 
by the clearance, illuminance is deteriorated. Therefore, 
preferably, as the former more securely shields, a range 
of display can be more brightly lighted. 
[0085] Therefore, as light radiated by one luminous 
element 23 and light radiated by another luminous ele- 
ment 23 are reflected on the slope of the reflecting part 
30 formed In the light conductor 20 and a point where 
beams of light described above are synthesized can be 
formed in an extremely close position to the light-emit- 
ting part of the luminous element, a range of display can 
be lighted without unevenness from the near end to the 
remote end. 

[0086] A mark, a character, a digit and others or the 
periphery respectively displayed on the liquid-crystal 
display 19 are lighted from the back by lightening the 
whole region of the light conductor 20 as described 
above and the displayed marK character, digit and oth- 
ers can be plainly seen from the front through the trans- 
parent window 1 5. 

[0087] Rg. 4 is a local longitudinal section showing 
the liquid crystal display 6 as Fig. 3 and in this case, 
bodies of luminous elements 23 in each of which plural 
luminous elements are integrated are arranged along 
one side of the liquid-crystal display 19. light emitted 
from all luminous elements is incident from the incident 



part provided to the same position, is reflected in the 

rdlecting part_30 via lrght_djffusing_means_55 provided 

to the incident part A and the unevenness of luminance 
depending upon a lighted part can be removed by utiliz- 

5 ing the same light conducting means. 

[0088] That is, as shown in Fig. 4, light radiated by 
the body of luminous elements 23 is incident on the inci- 
dent part A of the light conductor 20 ard passes the 
light diffusing means 55 provided to the incident part A. 

10 The situation will be understood referring to a local 
cross-sectional view shown in Fig. 5 viewed from a posi- 
tion different from Fig. 4 by 90*. 
[0089] Some of diffused light is reflected in the 
reflecting part 30 provided along the slant face of the 

15 holding member 22 and is conducted into the light con- 
ductor 20. Reflected light is further reflected on the inci- 
dence plane on which the inciderrt part A is formed. 
Diffused light is directly incident on the light conductor 
20. 

20 [0090] Light incident on the light conductor 20 as 
described above is conducted into the whole light con- 
ductor. As described above, the shielding means 32 for 
preventing light from being transmitted may be also pro- 
vided to the tilted surface of the holding member 22. 

25 [0091] Therefore, as light radiated from one lumi- 
nous element 23 and light radiated from another lumi- 
nous element 23 are reflected on the slant face of the 
reflecting part 30. being diffused via the light diffusing 
means 55 formed in the light conductor 20 and a point 

30 where beams of light described above are synthesized 
can be formed in an extremely close position to the 
light-emitting part of the luminous element, a range of 
display can be lighted without unevenness from the 
near end to the remote end. 

35 [0092] Fig. 6 shows the optical paths of light emitted 
from the bodies of luminous elements arranged along 
one side of the liquid-crystal display in the embodiment 
of the invention. 

[0093] As shown in Fig. 6, bodies of luminous ele- 

40 ments in each of which the luminous element that emits 
blue light (B) having the wavelength of 400 to 500 nm on 
the right side, the luminous element that emits green 
light (G) having the wavelength of 500 to 600 nm in the 
center and the luminous element that emits red light (R) 

45 having the wavelength of 600 to 700 nm on the left side 
are integrated are arranged in the order of B, G and R 
from the right at an equal interval in the same direction. 
Order for arranging B, G and R is not necessarily limited 
to the order described above. 

50 [0094] A case that light having the same wave- 
length is radiated from plural luminous elements will be 
described referring to Fig. 6 below. Light emitted from 
the luminous element R of the body of the luminous ele- 
ments arranged in the center and light emitted from the 

55 luminous element R of the body of luminous elements 
adjacent on the left side form a point where beams of 
light described above are synthesized at a point X in 
case no light diffusing means 55 is provided. However, 
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in case the light diffusing means 55 is provided, light 
radiated at the angle \y of radiation is diffused on the 
slant lace on which the diffusing means 55 is provided 
after the light is incident on the light conductor and as a 
result, the angle of radiation is larger than the original 5 
angle h/ of radiation. The angle of radiation at this time 
after diffusion is y'. in Fig. 6, an optical path is inflected 
on the reflecting surface on which the diffusing means 

55 is provided and at this time, a point where beams of 
light described above are synthesized is formed at a 
point Y The relationship between light emitted from the 
luminous element R of the body of luminous elements 
arranged in the center and light emitted from the lumi- 
nous element R of the body of luminous elements adja- 
cent on the right side is similar to the relationship 
described above. Tlie relationship between respective 
tight from the luminous elements G and B of another 
body of luminous elements is similar to the relationship 
described above. 

[0095] As a point where beams of light are synthe- 
sized is formed in an extremely close position to a body 
of luminous elements as described above, a range of 
display in the liquid -crystal display can be lighted with- 
out the unevenness of luminance. 
[0096] Fig. 7 is a local longitudinal section showing 
the liquid crystal display 6 as Fig. 3. in this case, bodies 
of luminous elements 23 in each of which plural lumi- 
nous elements are integrated are an^anged along one 
side of the liquid-crystal display 19. light emitted from all 
luminous elements is incident from the incident part pro- 
vided to the same position, the light is diffused and 
reflected by the light diffusing means 56 provided to the 
reflecting surface on which first reflection is performed 
of the light conductor 20 and the unevenness of lumi- 
nance in a lighted part can be removed by utilizing the 
same light conducting means. The light diffusing means 

56 is acquired by roughing the reflecting surface on 
which first reflection is performed. 
[0097] That is, as shown in Fig. 7, light radiated 
from the body of luminous elements 23 is incident on 
the incident part A of the light conductor 20. is diffused 
and reflected by the light diffusing means 56 provided to 
the reflecting surlace on which first reflection is per- 
formed of the light conductor 20 along the slant face of 
the holding member 22 and is conducted into the light 
conductor 20. The diffused and reflected light is further 
reflected on the incidence plane on which the incident 
part A is formed. A part of the diffused light is directly 
incident on the light conductor 20. 
[0098] Light incident on the light conductor 20 is 
conducted into the whole light conductor as described 
above. As described above, the shielding means 32 for 
preventing light from being transmitted can be provided 
to the slant face of the holding member 22. 
[0099] Therefore, as light radiated from one body of 
luminous elements 23 and light radiated from another 
t>ody of luminous elements 23 are reflected, being dif- 
fused via the light diffusing means 56 formed on the 



20 

light conductor 20 and a point where beams of light 
described above are synthesized can be formed in an 
extremely close position to the light-emitting part of the 
luminous element, a range of display can be lighted 
without unevenness from the near end to the remote 
end. 

[0100] Fig. 8 is a local longitudinal section showing 
the liquid crystal display 6 when the body of luminous 
elements 23 is directed on the side of the liquid-crystal 
display 19, in this case, bodies of luminous elements 23 
in each of which plural luminous elements are inte- 
grated are arranged in parallel at an interval in the direc- 
tion of the liquid-crystal display 19. light emitted from all 
luminous elements is incident on the incident part A pro- 
vided to the same position, further, is reflected in the 
reflecting part 30 via the light diffusing means 55 pro- 
vided to the incident part A and the unevenness of lumi- 
nance in a lighted part can be rennoved by utilizing the 
same light conducting means. 

[0101] That is, as shown in Fig. 8, light radiated 
from the body of luminous elements 23 is incident on 
the incident part A of the light conductor 20 and passes 
the light diffusing means 55 provided to the incident part 
A. The situation will be understood referring to a local 
cross-sectional view shown in Fig. 9 viewed from a posi- 
tion different from Fig. 8 by 90**. 
[0102] Some of diffused light is reflected in the 
reflecting part 30 provided along the slant face of the 
holding member 22 and is conducted into the light con- 
ductor 20. Also, reflected light is further reflected on the 
incidence plane on which the incident part A is formed. 
Also, diffused light is directly incident on the light con- 
ductor 20. 

[0103] Light incident on the light conductor 20 as 
described above is conducted into the whole tight con- 
ductor. As described above, the shielding means 32 for 
preventing light from being transmitted can be provided 
to the slant face of the holding member 22. 
[01 04] Therefore, as light radiated from one body of 
luminous elements 23 and light radiated from another 
body of luminous elements 23 are reflected on the slant 
face of the reflecting part 30, being diffused via the light 
diffi^ng means 55 formed in the light conductor 20 and 
a point where beams of light described above are syn- 
thesized can be formed in an extremely close position to 
the light-emitting part of the luhTinous element, a range 
of display can be lighted without unevenness from the 
near end to the remote end. 

[01 05] A mark, a character, a digit and others or the 
periphery respectively displayed on the liquid-crystal 
display 19 are lighted from the back by lightening the 
whole region of the fight conductor 20 as described 
above and the displayed mark, character, digit and oth- 
ers can be plainly seen from the front via the transpar- 
ent window 15. 

[0106] Fig. 10 shows the optical paths of light emit- 
ted from the bodies of luminous elements an^anged in 
parallel at an interval in the direction of the liquid-crystal 
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display 19 in the embodiment of tlie invention. 

[0107] As shown in Fig: 10, bodies'of luminous^lia^ 

ments in each of which a luminous element that emits 
red light R having the wavelength of 600 to 700 nm at 
the front, a luminous element that emits green light G 
having the wavelength of 500 to 600 nm in the center 
and a luminous element that emits blue light B having 
the wavelength of 400 to 500 nm at the back are inte- 
grated are arranged in the order of R, G and B from the 
front in parallel at an equal interval in the direction of the 
liquid-crystal display 19. Order in which R, G and B are 
arranged is not necessarily limited to the order 
described above. 

[0108] Referring to Fig. 10. a case that light of the 
same wavelength is radiated from plural luminous ele- 
ments will be described below. Light emitted from the 
luminous element R of the body of luminous elements 
arranged in the center and light emitted from the lumi- 
nous element R of the body of luminous elements adja- 
cent on the left side form a point where beams of light 
described above are synthesized at a point X in case no 
light diffusing means 55 is provided. However, as the 
light diffusing means 55 is provided, a point where 
beams of light described above are synthesized is 
formed at a point Y A diffused reflection plane by the 
luminous element R of the body of luminous elements is 
closer than the point where beams of light described 
above are synthesized Y and a range of display by irreg- 
ularly reflected light can be further closer. 
[0109] The relationship between light emitted from 
the luminous element R of the body of luminous ele- 
ments arranged in the center and light emitted from the 
luminous element R of the body of luminous elements 
adjacent on the right side is simitar to the relationship 
described above. Also, the relationship between 
respective light from luminous elements G and B of 
another body of luminous elements is similar to the rela- 
tionship described above though the position of a point 
where respective light Is synthesized Is different. 
[0110] As a point where beams of light are synthe- 
sized is formed in an extremely close position to a body 
of luminous elements as described above, the liquid- 
crystal display can be lighted without the unevenness of 
luminance in a range of display 

[0111] Fig. 11 is a local longitudinal section show- 
ing the liquid crystal display 6 as Fig. 8. in this case, 
bodies of luminous elements 23 in each of which plural 
luminous elements are integrated are arranged in paral- 
lel at an interval in the direction of the liquid-crystal dis- 
play 19. light emitted from all luminous elements is 
incident on the incident part A provided to the same 
position, the light is diffused and reflected by the light 
diffusing means 56 provided to the reflecting surface on 
which first reflection is performed of the light conductor 
20 and the unevenness of luminance in a lighted part 
can be removed by utilizing the same light conducting 
means. 

[0112] That is, as shown in Fig. 11, light radiated 



from the body of luminous elements 23 is ijicident on 

the incident"part"A of the light c6nductbr~2b. is diffused 

and reflected by the light diffusing means 56 provided to 
the reflecting surface on which first reflection is per- 

5 formed of the light conductor 20 along the slant face of 
the holding member 22 and is conducted into the light 
conductor 20. Also, the diffused and reflected light Is 
further reflected on the incidence plane on which the 
incident part A Is formed. A part of the diffused light is 

10 directly Incident on the light conductor 20. 

[0113] Light incident on the light conductor 20 as 
described above is conducted into the whole light con- 
ductor. As described above, the shielding means 32 for 
preventing light from being transmitted can be provided 

IS to the slant face of the holding member 22. 

[01 14] Therefore, as light radiated from one body of 
luminous elements 23 and light radiated from another 
body of luminous elements 23 are reflected, being dif- 
fused via the light diffusing means 56 formed in the light 

20 conductor 20 and a point where beams of light 
described above ate synthesized can be formed in an 
extremely close position to the light-emitting part of the 
luminous element, a range of display can be lighted 
without unevenness from the near end to the remote 

25 end. 

[0115] Next, a circuit will be described. Fig. 12 
shows the configuration of a circuit for lighting the liquid 
crystal display 6 of the mobile telephone in the embodi- 
ment of the invention. As shown in Fig. 1 1 , the circuit for 

30 lighting the liquid crystal display 6 is provided with the 
liquid-crystal display 19 for displaying a character, a 
digit, a mark and others, first ligfrt emitting means 34 for 
outputting radiated light 33 having a first wavelength as 
the lighting means of the liquid-crystal display 19, sec- 

35 ond light emitting means 36 for outputting radiated light 
35 having a second wavelength as the lighting means of 
the liquid-crystal display 19. third light emitting means 
38 for outputting radiated light 37 having a third wave- 
length as the lighting means of the liquid-crystal display 

40 19. first driving means 39 for driving the first light emit- 
ting means 34, second driving means 40 for driving the 
second light emitting means 36, third driving means 41 
for driving the third light emitting means 38 and control 
means 42 for controlling the first driving means 39, the 

45 second driving means 40 and the third driving means 
41. 

[01 1 6] Also, the first light emitting means 34 is com- 
posed of a first luminous element 43 for emitting light 
having the first wavelength 33, the second light emitting 

50 means 36 is composed of a second luminous element 
44 for emitting light having the second wavelength 35 
and the third light emitting means 41 is composed of a 
third luminous element 45 for emitting light having the 
third wavelength 37. The first driving means 39 Is com- 

55 posed of a first resistor 46 for limiting the current of the 
first luminous element 43 and a first transistor 47 for 
applying driving voltage or stopping the supply of driving 
voltage, the second driving means 40 is composed of a 
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second resistor 48 for limiting the cunrent of the second 
luminous element 44 and a second transistor 49 for 
applying driving voltage or stopping the supply of driving 
voltage, and the third driving means 41 is composed of 
a third resistor 50 for limiting the current of the third 
luminous element 45 and a third transistor 51 for apply- 
ing driving voltage or stopping the supply of driving volt- 
age. 

[0117] A first control signal 52 for controlling the first 
transistor 47 is issued from the control means 42. a sec- 
ond control signal 53 for controlling the second transis- 
tor 49 is Issued from the control means 42 and a third 
control signal 54 for controlling the third transistor 51 is 
issued from the control means 42. 
[0118] Next, the operation of the circuit will be 
desaibed. The control means 42 activates a first control 
signal 52 when the mobile telephone is in a first working 
condition. As a result, the transistor 47 of the first driving 
means is turned on. voltage is applied to the first lumi- 
nous element 43, the first luminous element 43 emits 
light having the first wavelength 33, light of color having 
the first wavelength is conducted to the light conductor 
and the liquid-crystal display 1 9 is lighted from the back. 
[0119] Also, the control means 42 activates a sec- 
ond control signal 53 when the mobile telephone is in a 
second working condition. As a result, the transistor 49 
of the second driving means is turned on, voltage is 
applied to the second luminous element 44, the second 
luminous element 44 emits light having the second 
wavelength 35, light of color having the second wave- 
length is conducted to the light conductor and the liquid- 
crystal display 19 is lighted from the back. 
[0120] Further, the control means 42 activates a 
third control signal 54 when the mobile telephone is in a 
third working condition. As a result, the transistor 51 of 
the third driving means is turned on, voltage is applied 
to the third luminous element 45, the third luminous ele- 
ment 45 emits light having the third wavelength 37, light 
of color having the third wavelength is conducted to the 
light conductor and the liquid-crystal display 19 is 
lighted from the tsack. 

[0121] Also, the control means 42 activates a first 
control signal 52 and a second control signal 53 when 
the mobile telephone is in a fourth working condition. As 
a result, the transistors 47 arxJ 49 of the first and Sec- 
ond driving means are turned on, voltage is applied to 
the first and second luminous elements 43 and 44, the 
first and second luminous elements 43 and 44 respec- 
tively emit light having the first wavelength 33 and light 
having the second wavelength 35, light of colors having 
first and second wavelengths is conducted to the light 
conductor and the liquid-crystal display 19 is lighted 
from the back. 

[0122] Also, the control means 42 activates a first 
control signal 52 and a third control signal 54 when the 
mobile telephone is in a fifth working condition. As a 
result, the transistors 47 and 51 of the first and third 
driving means are turned on, voltage is applied to the 
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first and third luminous elements 43 and 45, the first and 
third luminous elements 43 and 45 respectively emit 
light having the first wavelength 33 and light having the 
third wavelength 37, light of colors having the first and 

5 third wavelengths is conducted to the light conductor 
and the liquid-crystal display 1 9 is lighted from the back. 
[0123] Also, the control means activates a second 
control signal 53 and a third control 'oignal 54 when the 
mobile telephone is in a sixth working condition. As a 

10 result, the transistors 49 and 51 of the second and third 
driving means are turned on. voltage is applied to the 
second and third luminous elements 44 and 45, the sec- 
ond and third luminous elements 44 and 45 respectively 
emit light having the second wavelength 35 and light 

15 having the third wavelength 37, light of colors having the 
second and third wavelengths is conducted to the light 
conductor and the liquid-crystal display 19 is lighted 
from the back. 

[0124] Also, the control means 42 activates first. 

20 second and third control signals 52, 53 and 54 when the 
mobile telephone is in a seventh working condition. As a 
result, the transistors 47, 49 and 51 of the first, second 
and third driving means are turned on, voltage is 
applied to the first, second and third luminous elements 

25 43, 44 and 45, the first, second and third luminous ele- 
ments 43. 44 and 45 respectively emit light having the 
first, second and third wavelengths 33, 35 and 37. light 
of colors having the first, second and third wavelengths 
is conducted to the light conductor and the liquid-crystal 

30 display 1 9 is lighted from the back. 

[0125] As described above, as the mobile tele- 
phone can be in a any working condition of the first to 
the seventh working conditions, the liquid crystal display 
can be lighted with light of total seven types of colors, 

35 that is. three types of colors having the same wave- 
lengths as luminescent colors and four types of result- 
ant colors. 

[0126] As described above, in the emtxxliment of 
the invention, as the points where respective light is 

40 synthesized of luminous elements R. G and B can be all 
equalized in case the bodies of luminous elements are 
arranged rectilinearly along one side of the liquid-crystal 
display, no unevenness in brightness arxJ no irregular 
color are caused in a range of display of the display and 

45 displayed character and mark can be plainly read. 

[0127] As desaibed above, in case the body of 
luminous elements is arranged in parallel In the direc- 
tion of the liquid -crystal display, the optical path of lower 
B is longer than that of upper R. however, as points 

50 where beams of light are synthesized formed by adja- 
cent bodies of luminous elements can be equalized, no 
unevenness in brightness and no Irregular color are 
caused in a range of display of the display and displayed 
character, mark and others can be plainly read. Also, to 

55 equalize the luminance of lower B and that of upper R, 
current flowing in the luminous element has only to be 
regulated. 

[01 28] Further, in case current flowing in each luml- 
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nous element is controlled to enable regulating and var- 

„_yinglhe_lumjnous energy of each luminous element, the 

intensity of radiated light can be varied. In this case, it is 
desirable that the magnitude of the resistor connected 
to the body of luminous elements in series is varied and 5 
as irregular color among luminous elements and une- 
venness in density in a visible range can be avoided 
even if the magnitude of the resistor is varied as 
described above, the liquid-crystal display can display 
plain character and mark and others and a user can see w 
plain character, mark and others. 
[0129] In the embodiment of the invention, the 
example using the body of luminous elements iii which 
the first, second and third luminous elements are inte- 
grated is described above, however, the first, second is 
and third luminous elements is not necessarily required 
to be integrated. In this case, the first, second and third 
luminous elements are collectively arranged to be a 
group of luminous elements and plural groups of lumi- 
nous elements have only to be provided at a short inter- 20 
val in the same direction along one side of the liquid- 
crystal display or have only to be arranged in parallel at 
a short interval in the direction of the liquid-crystal dis- 
play. 

[0130] In this case, a body of luminous elements 2s 
may be advantageous. First, devices on the printed 
board are mounted on the surface by a mounting appa- 
ratus, however, in that case, the size and power of the 
mounting apparatus are determined based upon the 
number of devices. For example, in case 100 types of 30 
electronic devices are mounted on one side of the 
printed board, it is desirable that two pieces of mounting 
apparatus each of which can mount 50 types are pre- 
pared or one mounting apparatus which can mount 100 
types is prepared. In the case of a Ixxiy of luminous ele- 35 
ments, as the type of devices is smaller by two. com- 
pared with the case of a group of luminous elements, 
the type of devices can be reduced by two. however, as 
the type of devices is conversely more by two in the 
case of a group of luminous elements, there is a prob- 40 
lem having a great effect upon facilities that sometimes 
three pieces of mounting apparatus each of which can 
mount 50 types are required to be prepared or two 
pieces of mounting apparatus each of which can mount 
100 types are required to be prepared. The smaller in 45 
the type of devices is desirable. Therefore, as the 
number of devices is smaller in a body of luminous ele- 
ments than in a group of luminous elements, constraint 
upon mounting apparatus and facilities can be reduced 
and is suitable for reflow mounting. so 
[01 31 ] A device of this type is supplied on a reel and 
when a reel is unloaded, it is replaced with an unused 
reel and mounting is continued, however, as in the case 
of a body of luminous elements, one reel has only to be 
replaced, while in the case of a group of luminous ele- 55 
ments, three reels are required to be replaced, work 
time for replacement can be reduced up to 1/3 and 
mounting efficiency can be enhanced. 



[0132] Further, in this embodiment, the case that 
— three bodies of"luminou&"elements~ariB provide" is 
described above, however, even if two or four bodies of 
luminous elements are provided, the situation is similar. 
[0133] Also, in this embodiment, as the problem of 
unevenness in brightness and irregular color can be 
solved without increasing consumed current and simul- 
taneously, the liquid crystal display can be lighted with 
light of multiple types of colors, operating time since a 
battery is fully charged until the battery becomes empty 
is not reduced in case the illumination apparatus 
according to the invention is used for equipment to 
which power is supplied by a battery of limited capacity 
such as mobile information equipment, continuous 
operating time is extended and the illumination appara- 
tus according to the invention is suitable for this type of 
equipment. 

[0134] Fig. 13 shows a state of lighting when a 
range of display is lighted in composite color. As shown 
in Fig. 13, when three bodies of luminous elements are 
all lighted, the whole region is in color acquired by mix- 
ing R, G and B in this embodiment, however, as the 
range is lighted with light having a wavelength of R, light 
having wavelengths of B and R and light having a wave- 
length of R from the left end in a lower part in case this 
embodiment is not applied, the display is required to be 
shifted upward and the equipment is large-sized. 
[0135] An interval between bodies of luminous ele- 
ments is determined at the stage of design when a 
range to be lighted and brightness are determined, in 
this embodiment, an interval between respective two of 
three bodies of luminous elements is equalized and 
brightness in a range of display is regulated by the 
angle of tilted surface and the roughness of it. That is, 
as according to the invention, distance between a point 
where beams of light are synthesized and the body of 
luminous elements can be minimized by the light diffus- 
ing means whether monochrome or composite color, 
irregular color can be solved. In case distance between 
the point described above and the body of luminous ele- 
ments is long, right and left parts or upper and lower 
parts in a range of display cannot be uniformly lighted. 
[0136] Further, in the embodiment of the invention, 
three bodies of luminous elements are provided, how- 
ever, as the light diffusing means is provided to diffuse 
light radiated from the luminous element at the shortest 
distance and in a wide range, the number of bodies of 
luminous elements is not limited. 
[01 37] That is, in case at least one body of luminous 
elements is provided, light radiated from the luminous 
element Is diffused at the shortest distance and in a 
wide range and the body includes plural luminous ele- 
ments, distance between a point where colors of 
respective light are mixed together with action 
described above and the luminous element is mini- 
mized. 

[0138] As described above, according to the inven- 
tion, a printed board, a group of luminous elements (a 
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body of luminous elements) in which plural luminous 
elements mounted on the printed board and different in 
a wavelength are arranged at a short interval, light con- 
ducting means for conducting light incident on its inci- 
dent part from the group of luminous elements (the 5 
body of luminous elements) as a tight source and an 
approximately rectangular liquid-crystal display for dis- 
playing a character, a marK a digit and others with them 
in^diated by the light conducting means are provided, 
plural groups of luminous elements (plural bodies of 10 
luminous elements) are arranged at an interval in the 
same direction along one side of the liquid-crystal dis- 
play, light incident from the incident part of the light con- 
ducting means is conducted, reflecting on a reflecting 
surface and an incidence plane, the whole liquid-crystal 15 
display is lighted, hereby, effect that a point where 
beams of light are synthesized can be formed in an 
extremely close position to the luminous element by 
making light emitted from the luminous element incident 
on the incident part of the light conducting means and 20 
reflecting the incident light on the reflecting surface and 
the incidence plane of the light conducting means with- 
out arranging multiple luminous elements in the liquid- 
crystal display, the irregular color of lighting light and the 
unevenness of brightness are solved and a character, a 25 
mark and others displayed on the display can be plainly 
read is produced. 

[0139] Also, according to the invention, a printed 
board, a group of luminous elements (a body of lumi- 
nous elements) in which plural luminous elements 30 
mounted on the printed board and different in a wave- 
length are arranged at a short interval, light conducting 
means for conducting light incident on its incident part 
from the group of luminous elements (the body of lumi- 
nous elements) as a light source and an approximately 35 
rectangular liquid-aystal display for displaying a char- 
acter, a mark, a digrt and others with them irradiated by 
the light conducting means are provided, further, light 
diffusing means is provided to the incident part, plural 
groups of luminous elements (plural bodies of luminous 40 
elements) are arranged at an interval in the same direc- 
tion along one side of the liquid-crystal display, hereby, 
effect that a point where light emitted from one luminous 
element and light emitted from another luminous ele- 
ment are synthesized can be formed in an extremely 
close position to the luminous elements by light diffus- 
ing means provided to the incident part without arrang- 
ing multiple luminous elements in the liquid-crystal 
display, the irregular color of lighting light and the une- 
venness of brightness are solved and a character, a 
mark and others displayed on the display can be plainly 
read is produced. 

[0140] Also, according to the invention, a printed 
board, a group of luminous elements (a body of lumi- 
nous elements) in which plural luminous elements 
mounted on the printed board and different in a wave- 
length are arranged at a short interval, light conducting 
means for conducting light incident on its incident part 



from the group of luminous elements (the body of lumi- 
nous elements) as a light source and an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them irradiated by 
the light conducting means are provided, further, light 
diffusing means is provided to the incident part, plural 
groups of luminous elements (plural bodies of luminous 
elements) are arranged in parallel at an interval in the 
direction of the liqukj-crystal display, hereby effect that 
a point where light emitted from one luminous element 
and light emitted from another luminous element are 
synthesized can be formed in an extremely close posi- 
tion to the luminous elements by light diffusing means 
provided to the incident part without arranging multiple 
luminous elements in the direction of the liquid-crystal 
display, the irregular color of lighting light and the une- 
venness of brightness are solved and a character, a 
mark and others displayed on the display can be plainly 
read is produced. 

[0141] Also, according to the invention, a printed 
board, a group of luminous elements (a body of lumi- 
nous elements) in which plural luminous elements 
mounted on the printed board and different in a wave- 
length are arranged at a short interval, light conducting 
means for conducting light incident on its incident part 
from the group of luminous elements (the body of lumi- 
nous elemerrts) as a light source and an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them iradiated by 
the light conducting means are provided, light diffusing 
means is provided to the reflecting surface on which first 
reflection is performed of the light conducting means, 
plural groups of luminous elements (plural bodies of 
luminous elements) are arranged at an interval in the 
same direction along one side of the liquid-crystal dis- 
play, hereby, effect that a point where light emitted from 
one luminous element and light emitted from another 
luminous element are synthesized can be formed in an 
extremely close position to the luminous elements by 
light diffusing means provided to the reflecting surface 
on which first reflection is performed of the light con- 
ducting means without arranging multiple luminous ele- 
ments in the liquid-crystal display, the irregular color of 
lighting light and the unevenness of brightness are 
solved and a character, a mark and others displayed on 
the display can be plainly read is produced. 
[0142] Also, according to the invention, a printed 
board, a group of luminous elements (a body of lumi- 
nous elements) in which plural luminous elements 
mounted on the printed board and different in a wave- 
length are arranged at a short interval, light conducting 
means for conducting light incident on its incident part 
from the group of luminoi^ elements (the body of lumi- 
nous elements) as a light source and an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them in^adiated by 
the light conducting means are provided, light diffusing 
means is provided to the reflecting surface on which first 
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reflection is performed of the light conducting means, 
_ plural groups„oLluminous elementS-(pluraLbodles of— 
luminous elements) are arranged in parallel at an inter- 
val in the direction of the liquid-crystal display, hereby 
effect that a point where light emitted from one luminous 5 
element and light emitted from another luminous ele- 
ment are synthesized can be formed in an extremely 
close position to the luminous elements by light diffus- 
ing means provided to the reflecting surface on which 
first reflection is performed of the light conducting ro 
means without arranging multiple luminous elements In 
the direction of the liquid-crystal display the irregular 
color of lighting light and the unevenness of brightness 
are solved and a character, a mark and others displayed 
on the display can be plainly read is produced. ,5 
[0143] Also, according to the invention, a printed 
board, a group of luminous elements (a body of lumi- 
nous elements) in which plural luminous elements 
mounted on the printed board and different in a wave- 
length are arranged at a short interval, light conducting 20 
means for conducting light incident on its Incident part 
from the group of luminous elements (the body of lumi- 
nous elements) as a light source and an approximately 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them irradiated by 25 
the light conducting means are provided, light diffusing 
means and light shielding means for preventing light 
from being transmitted are provided to the reflecting 
surface on which first reflection is performed of the light 
conducting means, plural groups of luminous elements 30 
(plural bodies of luminous elements) are arranged at an 
interval In the same direction along one side of the liq- 
uid-crystal display hereby, effect that a point where light 
emitted from one luminous element and light emitted 
from another luminous element are synthesized can be 35 
formed in an extremely close position to the luminous 
elements by the light diffusing means provided to the 
reflecting surface on which first reflection is performed 
of the light conducting means without arranging multiple 
luminous elements in the liquid-crystal display the loss 40 
of reflected light can be removed by the shielding 
means provided to the reflecting surface on which first 
reflection is performed for preventing light from being 
transmitted, the irregular color of ligfiting light and the 
unevenness of brightness are solved and a character, a 45 
mark and others displayed on the display can be plainly 
read is produced. 

[0144] Also, according to the invention, a printed 
board, a group of luminous elements (a body of lumi- 
nous elements) in which plural luminous elements so 
mounted on the printed board and different in a wave- 
length are arranged at a short interval, light conducting 
means for corxJucting light incident on its incident part 
from the group of luminous elements (the body of lumi- 
nous elements) as a light source and an approximately 55 
rectangular liquid-crystal display for displaying a char- 
acter, a mark, a digit and others with them irradiated by 
the light conducting means are provided, light diffusing 



means and light shielding means for preventing light 
-from-being-transmitted are-provided to the reflecting™ 
surface on which first reflection is performed of the light 
conducting means, plural groups of luminous elements 
(plural bodies of luminous elements) are arranged in 
parallel at an interval in the direction of the liquid-crystal 
display hereby effect that a point where light emitted 
from one luminous element and light emitted from 
another luminous element are synthesized can be 
formed in an extremely close position to the luminous 
elements by the light diffusing means provided to the 
reflecting surface on which first reflection is performed 
of the light conducting means without arranging multiple 
luminous elements in the direction of the liquid-crystal 
display the loss of reflected light can be removed by the 
shielding means provided to the reflecting surface on 
which first reflection is performed for preventing light 
from being transmitted, the irregular color of lighting 
light and the unevenness of brightness are solved and a 
character, a mark and others displayed on the display 
can be plainly read is produced. ^ 
[0145] Also, according to the invention, luminous 
elements can simultaneously emit, hereby effect that 
even if the liquid-crystal display is lighted with light of 
more types than the types of luminous elements, dis- 
played character, mark, digit and others can be plainly 
read and further, the equipment provided with such an 
illumination apparatus can be prevented from being 
large-sized is produced. 

[0146] Also, according to the invention, the intensity 
of radiated light can be varied by controlling current 
flowing in plural luminous elements and effect that a 
range of display can be uniformly lighted with light of 
more types of colors than the types of luminous ele- 
ments without causing irregular color and the uneven- 
ness of brightness is produced. 
[0147] Also, the invention is suitable for mobile 
information equipment provided with the illumination 
apparatus described in detail above. That is. as effect 
that time since a battery is fully charged until it becomes 
empty, that is, operating time is not required to be 
reduced though the capacity of the battery for supplying 
power to the equipment is limited is produced, the 
invention is suitable for this type of equipment. 

Claims 

1. An illumination apparatus, comprising: 
a printed board (9); 

a plurality of luminous elements (23) mounted 
on said printed board that emit light of different 
wavelength; 

light conducting means (20) for conducting light 
incident on its incident part (30) from said lumi- 
nous elements (23) as a light source; and, 
an approximately rectangular liquid-crystal dis- 
play (19) lit by said light conducting means for 
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displaying a character, a mark, a digit and oth- 
ers. 

2. An illumination apparatus according to claim 1, 
wherein light incident on the incident part (30) of 5 
said light conducting means is conducted by reflec- 
tion on a reflecting surface and an incidence plane 

so that the whole liquid-crystal display is lit. 

3. An illumination apparatus according to claim 1 or 2, io 
wherein said luminous elements (23) are closely 
spaced or are integrated into a single body 

4. An Illumination apparatus according to any one of 

the preceding claims, wherein said plural luminous 15 
elements (23) are arranged at an interval in the 
same direction along one side of the liquid-crystal 
display (19). 

5. An illumination apparatus according to any one of 20 
claims 1 to 4, wherein said plural luminous ele- 
ments are arranged in parallel at an interval in the 
direction of said liquid-crystal display. 

6. An illumination apparatus according to any one of 25 
the preceding claims, further conprising light dif- 
fusing means (56) provided to said incident part 
(30). 

7. An illumination apparatus according to any one of 30 
the preceding claims, further comprising: 

light diffusing means provided (56) to the 
reflecting surface on which first reflection is 
performed on said light conducting means (20). ss 
and, 

wherein said light conducting means (20) 
repeats reflection on plural reflecting surfaces. 

8. An Illumination apparatus according to claim 7. fur- 40 
ther comprising: 

shielding means for preventing light from being 
transmitted directly from the luminous ele- 
ments to the reflecting surface. 45 

9. An illumination apparatus according to any one of 
the preceding claims, wherein said luminous ele- 
ments can emit light simultaneously and/or wherein 

the intensity of the illumination light is varied by so 
controlling current flowing in said luminous ele- 
ments- 

10. A nrobile information equipment including an illumi- 
nation apparatus in accordance with any one of the ss 
preceding claims. 



BNSDOCID: <EP 10392l6AlJ_> 



17 



EP1 039 216 A1 



FIG.1 




18 



BNSDOCID: <EP 1039216A1 J_> 



EP1 039 216 A1 




19 

BNSCXX;iD: <EP 103921 6A1J_> 



EP1 039 216 A1 




EP1 039 216 A1 




EP1 039 216 A1 




BNSDOCID: <EP 1 03921 6A1J_> 



22 



EP1 039 216 A1 




EP 1 039 216 A1 



o 



- "\ rr ■ 

\ \ \ 
\ \ \ 
\ \ \ 
\ \ \ 

\ \\\\ \M 



^ \ \ 



\ \ \ 



\ 

o 



\ \ 

^ \ \ 



\\ \ \ \ \ \ \ /I /I / 

. \ \ \ \ \ \ \ f / / 

\ WM \ \\\ ' / / 

^ \N \ ^ \ \ \ / / / 

\\ \ \ a V / / 

\ ^\ \ \ /w A/ / 

\ \\ \/ \ ¥>V / 



CD 



\ ^ ^ 



/ 



V V V V' V 



'\'\/\ 



/ V V \ / < A » 



/ 



£E;| (3) 



/ / 



/ / ^ 

/ / / 
/ / 

/ / / 



' ' \ \ \ \ y< / / 

. \ v\ V / / 
\ \ /\\\/\/ / 

\ \' \\A / 

/ X'l^ 

/ / ^/ A \ \ 
/ / /7 /\ \ N N 

/ /1 1 1 ^ \ \ 
////// N \ 

/ / / "'I 

/ / / / M , 

/ / / / / » 
I 1 1 
/ / / 
/ / / 



I ^ \ \ 

I V \ \ 

' \ \ \ 

T 



; DC 



L 



/ / / 



/ / 
/ / 



: / 

.'IL.. J^'./l./ 

— DIFFUSED 
REFRECTION 
SURFASE 



BNSDOCID: <EP 103921 6A1J_> 



27 



EP1 039 216 A1 



FIG. 13 



MIXED COLOR 
OF R,G,B 



DISPLAY AREA 




23 

MIXED COLOR 
OF R AND B 
R(MONOCHROME) 



23 B(MONOCHROME) 



30 



BNSDOCID: <EP 1039218A1J_> 



EP1 039 216 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcttUon Number 

EP 00 30 2033 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoty 



Citation or document with indication, where appropriate. 
of retevani passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7> 



EP 0 884 52B A (LUMITEX) 

16 DGcember 1998 (1998-12-16) 

* the whole document * 

EP 0 751 340 A (LUMITEX) 
2 January 1997 (1997-01-02) 

* column 8 - colurnn 9; figures 7-15 * 

DE 43 42 822 A (KOITO MFG ) 
4 August 1994 (1994-08-04) 

* column 7; figures 1-11 * 

GB 1 004 319 A (G.K.C.HARDESTY) 

* page 4; figure 11 * 



1,3,4,6, 

7,9,10 

2.5-8 

2.5 



6,7 



F21V8/00 



2,8 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7> 



F21V 



The present search report has lieen drawn up for all ctaims 



s 

I 

8 



THE HAGUE 



Oat« of compiation ot trt* Match 

3 June 2000 



Examiner 

Malic, K 



CATEGORY OF CITED OOCUME^^TS 

X : particutarty relevant if taken alono 

Y : particularty relevant d combined with another 

document of ttw aame category 
A : tectvK>togical background 
O • non-wrttten disclosure 
P : mtarmediate document 



T : theory or pnncf)le underlying the Invention 
E : eaifiar patent document, but published on, or 

after ttie filing date 
D : oocumeni ated in tne appticatton 
L : document ated tor other reasons 

A : member of tho same patent tamity. corresponding 
document 



31 



BNSDOCID: <EP 1 03921 6A1J_> 



EP1 039 216 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 30 2033 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP Ale on 

The European Patent Office is in no way lieible for these particulars which are merely given for Oie purpose of information. 

08-06-2000 



Patent document 
cited in search report 


Publication 
data 


Patent famiiy 
member(s) 


Publication 
date 


EP 0884525 


A 


16-12-1998 


us 


5975711 


A 


02-11-1999 








jp 


11015393 


A 


22-01-1999 


EP 0751340 


A 


02-01-1997 


us 


5613751 


A 


25-03-1997 








JP 


9021916 


A 


21-01-1997 








us 


5618096 


A 


08-04-1997 








us 


6921652 


A 


13-07-1999 








us 


5876107 


A 


02-03-1999 








us 


5975711 


A 


02-11-1999 


DE 4342822 


A 


04-08-1994 


JP 


7072815 


A 


17-03-1995 








us 


5453855 


A 


26-09-1995 


GB 1004319 


A 




NONE 









uj For more details atx>ut this annex ; see Official Journal of the European Patent Office, No. 12/82 



32 



BNSDOCID: <BP 1 03921 6A1J_> 



